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@ Magnetic resonance imaging method. 
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@ A nnagnetic resonance innaging method is pro- 
posed for the following of a dynamic process in a 
body (5), such as perfusion in the brain by means of 
a contrast agent such as Gd - DTPA, or the effects 
of a physical stimulus. The dynamic process is fol - 
lowed by way of a multiple - slice MR measurement 
through, for example, 10 slices. In accordance with 
the invention, before or after the injection of the 
contrast agent, high - resolution reference images of 
the slices are formed, the same slices being mea- 
sured with a lower resolution during the perfusion of 
the contrast agent. Substitution of the low - resolu - 
tion data in data matrices containing high - resolution 
data produces, after Fourier transformation, images 
of the slices in which the measured changes in 
image intensities due to the contrast medium are 
reproduced in the high - resolution images. 
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The invention relates to a magnetic resonance 
imaging method for following a dynamic process in 
a body, in which method a local modification of 
magnetic resonance properties is induced in the 
body a selective variation of magnetic resonance 
signals to be generated in the body, magnetic 
resonance signals being acquired during, or during 
and after the realisation of the modification by way 
of a first signal acquisition method in order to form 
a series of magnetic resonance images of the body 
enabling the dynamic process to be followed. 

A magnetic resonance imaging method of this 
kind is known from the article "First -Pass Cardiac 
Perfusion: Evaluation with Ultrafast MR Imaging", 
D.J. Atkinson et al.. Radiology, March 1990, pp. 
757 - 762. The cited article describes cardiac per - 
fusion where, in order to modify the magnetic res - 
onance properties, the contrast agent Gd - DTPA 
(Gadolinium diethylenetriaminepentaacetic acid) is 
injected into a body via veins in conjunction with an 
MR imaging method whereby strongly Ti - 
weighted NMR images are obtained. The NMR 
signals are enhanced by the Gd - DTPA. The im - 
aging method consists of a 180* inversion pulse, 
followed by a gradient - echo signal acquisition 
method with very short repetition time (< 4 ms). 
Suitable contrast is achieved by choosing the in- 
version time, i.e. the period of time elapsing be- 
tween the inversion pulse and the gradient echo 
signal acquisition methods, so that the NMR signal 
is zero for non - enhanced myocardium and non - 
zero for enhanced myocardium in the case of car- 
diac perfusion. A high temporal resolution is nec- 
essary for the following of such a fast process, or 
another fast process such as perfusion in the brain, 
i.e. the signal acquisition method should be very 
fast. A high temporal resolution is usually achieved 
at the expense of spatial resolution. In the case of 
cardiac perfusion reasonably high spatial resolution 
requirements can still be satisfied, be it that gated 
imaging over a plurality of hart beats is then re- 
quired. However, for example in the brain where a 
temporal resolution in the order of one second is 
required, during the following of such processes it 
is difficult to achieve suitable spatial resolution 
when practically feasible signal acquisition methods 
are used. When use is made of a fast Fourier 
imaging method, acquisition of only 40 profiles in 
the phase encoding direction will be possible, giv- 
ing rise to undiagnostic NMR images, even after 
interpolation to a larger data matrix. 

It is the object of the invention to provide a 
magnetic resonance imaging method of the kind 
set forth which produces suitable diagnostic NMR 
images. 

To achieve this, a magnetic resonance imaging 
method in accordance with the invention is char- 
acterized in that the first signal acquisition method 



is a low - resolution method, and in that at an 
appropriate instant, using a second, high -resolu- 
tion signal acquisition method magnetic resonance 
signals are acquired from the body in order to form 

5 at least one reference image of the body, signal 
samples of the magnetic resonance signals ac- 
quired by means of the low- resolution method 
being supplemented, prior to the formation of the 
series of magnetic resonance images, by signal 

10 samples of the magnetic resonance signals ac- 
quired by means of the high - resolution method. 
Thus, high - resolution NMR images are obtained 
in which the variations in image intensities due to 
local modifications of the magnetic resonance 

75 properties measured are reproduced in the high- 
resolution images. 

The formation of NMR images suitable for di - 
agnostic purposes, in this manner is based on the 
understanding that for the spatial localisation of the 

20 modified magnetic resonance properties it often 
suffices to measure only the image intensity vari - 
ations. 

It is to be noted that US -A 5,003,264 de- 
scribes the combination of low - resolution images 

25 with high - resolution images, but according to the 
cited patent specification a high - resolution image 
is inserted into a low - resolution image instead of 
vice versa. The cited United States Patent de- 
scribes a method which serves a completely dif- 

30 ferent purpose, i.e. the imaging of a moving part of 
a body instead oTa variation of contrast. 

A first version of the magnetic resonance im - 
aging method in accordance with the invention is 
characterized in that an enhancement agent is ad - 

35 ministered in order to realise the local modification 
of the magnetic resonance properties. Such an 
agent is, for example, a contrast agent such as 
Gd-DTPA; in tissue containing this agent, the 
longitudinal relaxation time constant Ti is in- 

40 creased. Enhancement agents which modify other 
magnetic resonance properties can also be used in 
accordance with the invention. 

A second version of the method in accordance 
with the invention is characterized in that a physical 

45 Stimulus is applied in order to realise the local 
modification of the magnetic resonance properties. 
Such a stimulus may be, for example, a local 
electrical stimulus which is transferred to the brain 
via fascicles so as to induce a modification which 

50 varies in time, for example a local 
increase/decrease of T1/T2 which can be detected 
by way of magnetic resonance. The stimulus may 
also be an optical stimulus of the eye. 

The second, high - resolution, method can be 

55 executed during a period of time during which it is 
not necessary to follow time - critical processes so 
that a sufficient amount of time is available for 
these comparatively long measurements, for ex- 
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ample, prior to the administration of the enhance - 
ment agent. However, a preferred version of the 
magnetic resonance imaging method in accor- 
dance with the invention is characterized in that the 
magnetic resonance signals are acquired by means 
of the second, high - resolution signal acquisition 
method after acquisition of the magnetic resonance 
signals by means of the first signal acquisition 
method. As a result, the high - resolution NMR 
images are recorded with a possibly enhanced 
contrast due to the presence of the enhancement 
agent in the body after termination of the relevant 
part of the dynamic process to be followed. 

A version of a magnetic resonance imaging 
method in accordance with the invention is char- 
acterized in that the reference images are images 
of slices of a volume portion of the body in which 
the dynamic process takes place, the series of 
magnetic resonance images comprising a number 
of images of the slices. The dynamic process in a 
volume portion of the body can thus be followed by 
forming a plurality of images of the slices in rapid 
succession, the magnetic resonance signals being 
acquired by, for example, a multiple - slice signal 
acquisition method or a 3D signal acquisition 
method, without giving rise to undiagnostic images 
due to loss of focus in the images as would be the 
case, for example, when use is made of interpola- 
tion methods. 

In further versions of the method in accordance 
with the invention substitution of data in matrices of 
reference data may be performed in a symmetrical 
or asymmetrical manner in, for example, a phase - 
encoding direction of matrices of signal samples, 
asymmetrical versions offering the advantage that 
an high as possible resolution is achieved also 
when a comparatively small number of profiles is 
measured in the phase - encoding direction. 
Moreover, a gain in time can be traded off against 
improved contrast. In order to avoid image ar- 
tefacts, during an asymmetrical measurement it is 
desirable to fill out the asymmetry by combining 
amplitude data of the dynamic images with phase 
data of the reference measurements. 

Another version of a magnetic resonance im - 
aging method in accordance with the invention 
which offers a better image contrast is character- 
ized in that per reference image the high - resolu - 
tion method comprises a number of gradient -echo 
sequences preceded by inversion pulses, signal 
samples thereof filling data matrices in a mosaic - 
like manner, the low - resolution method compris- 
ing similar sequences whose signal samples partly 
substitute high - resolution data in the data ma- 
trices. 

The invention will be described in detail 
hereinafter with reference to a drawing, therein: 



Figure 1 shows diagrammatically a magnetic 
resonance imaging device in accordance with 
the invention, 

Figure 2 illustrates a signal acquisition method 
5 for use in a magnetic resonance imaging meth - 

od in accordance with the invention. 

Figures 3A and 3B show, diagrammatically in 

the k- space, the method in accordance with 

the invention, and 
10 Figure 4 shows another magnetic resonance 

imaging method in accordance with the inven - 

tion. 

Figure 1 shows diagrammatically a magnetic 
resonance imaging device 1 in accordance with the 

75 invention, comprising transmitter means 2 and re- 
ceiver means 3 for transmitting high-frequency 
electromagnetic pulses, via a transmitter/receiver 
coil 4, to an object 5 and for receiving magnetic 
resonance signals which are generated by the 

20 high-frequency electromagnetic pulses in the 
object 5 which is situated in a steady, uniform 
magnetic field. The transmitter/receiver coil 4 may 
be a single coil, but may alternatively be formed by 
a separate transmitter coil and a separate receiver 

25 coil. The device 1 comprises means 6 for gen- 
erating the steady field. The means 6 comprise 
magnet coils 7 and, in the case of resistive mag- 
nets or superconducting magnets, a power supply 
8. The power supply 8 Is absent in the case of a 

30 permanent magnet. During operation of the device 
1 with the object 5 arranged within the magnet 
coils 7, a slight excess of nuclear spins (of nuclei 
having a magnetic moment) will be oriented in the 
same direction as the steady field in a state of 

35 equilibrium. From a macroscopic point of view, this 
is to be considered a magnetization Mq, being an 
equilibrium magnetization. The device 1 further- 
more comprises processing means 9 which are 
coupled to the transmitter means 2 and the re- 

40 ceiver means 3, a process computer 10 which is 
coupled to the processing means 9 and the trans - 
mitter means, and display means 1 1 for displaying 
a nuclear magnetization distribution which is de- 
termined, by way of programmed means 12 from 

45 resonance signals received and demodulated by 
the receiver means 3, after signal sampling thereof 
(detection of resonance signals). More specifically, 
the transmitter means 2 comprise a high-fre- 
quency oscillator 13 for generating a carrier signal, 

50 a modulator 14 for amplitude and/or phase and 
frequency modulation of the carrier signal, a power 
amplifier 15, and a directional coupler 16 which is 
coupled to the transmitter/receiver coil 4. The 
high-frequency oscillator 13 is coupled to the 

55 processing means 9 and the modulator 14 is 
coupled to the process computer 10. When ex- 
citation pulses are applied to the object 5 via the 
transmitter means 2 and under the control of the 
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control means 12, said excitation pulses having a 
frequency contents around the so-called Larmor 
frequency of, for example, protons In the applied 
magnetic field, magnetic resonance signals will be 
produced wherefrom a proton nuclear spin dis- 
tribution or a magnetic resonance image can be 
determined by the programmed means 12, using 
for example Fourier transformation. The receiver 
means 3 for receiving the resonance signals com - 
prise the directional coupler 16 and a receiver and 
demodulation unit 17. The unit 17 may be a double 
phase - sensitive detector whose output signals are 
sampled by means of a first and a second 
analog -to -digital converter 18, 19. The A/D con- 
verters 18 and 19 are coupled to the processing 
means 9. The transmitter and receiver means 2 
and 3 may alternatively be formed by a so - called 
phase -coherent digital transmitter/receiver. The 
device 1 furthermore comprises means 20 for 
generating magnetic field gradients superposed on 
the steady, uniform field. The means 20 comprise 
gradient magnet coils 21 , 22 and 23 for generating 
magnetic field gradients Gx, Gy and Gz and a 
power supply which can be controlled by the pro - 
cess computer 10 and which comprises gradient 
amplifiers 24 for powering the gradient magnet 
coils 21, 22 and 23 which are individually ac- 
tivatable. The process computer 10 comprises 
digital -to -analog converters 25, 26 and 27 for 
supplying the gradient power supply 24 with analog 
gradient waveforms, while supplying digital codes 
and under the control of the process computer 10, 
the respective gradients G^, Gy and Gz thus being 
generated. For example, in the case of two-di- 
mensional Fourier transformation (2D - FT) Gx is a 
measuring gradient, Gy is a phase - encoding gra - 
dient, and Gz is a selection gradient. In the case of 
three - dimensional Fourier transformation (3D - FT) 
Gz may be a further phase - encoding gradient. In 
the embodiment shown, the arrangement in space 
of the gradient magnet coils is such that the di- 
rection of the magnetic field of the gradient fields 
coincides with the direction of the steady, uniform 
magnetic field, the gradient directions extending 
perpendicularly to one another as denoted by three 
mutually perpendicular axes x, y and z in Figure 1 . 
The magnetic resonance signali wherefrom a nu - 
clear spin distribution can be reconstructed by way 
of Fourier transformation are acquired by means of 
so-called measuring sequences. 

Figure 2 shows a signal acquisition method for 
use in a magnetic resonance imaging method in 
accordance with the invention. It concerns a Fourier 
method where high-frequency electromagnetic 
pulses RF are applied to the body 5 as a function 
of time t by the transmitter means 2 in order to 
excite nuclear spins in the body 5. The nuclear 
spins are excited in a slice - selective manner by 



applying, using the gradient magnet coils 23, a 
selection gradient Gz to the body 5 simultaneously 
with the pulses RF. A given slice of the body can 
be selected by variation of the frequency of the 

5 oscillator 13. Thus, a plurality of slices can be 
selected in a volume by means of a so-called 
multiple -slice signal acquisition method. The 
Fourier method furthermore comprises a phase - 
encoding gradient Gy, to be applied by means of 

10 the gradient magnet coils 22, and a measuring 
gradient Gx to be applied by the gradient magnet 
coils 21. By variation of the amplitude of the 
phase -encoding gradient Gy and by sampling of 
the magnetic resonance signals ec, per slice there 

75 are obtained data matrices wherefrom magnetic 
resonance images are derived by Fourier trans- 
formation. The signal acquisition process for a slice 
can be represented in the so-called k- space in 
order to describe signal sampling and processing. 

20 For a more detailed description, reference is made 
to the article "The k- trajectory formulation of the 
NMR imaging process with applications in analysis 
and synthesis of imaging methods", Med. Phys., 
Vol. 10, 1983, pp. 610-621. In the k- space de- 

25 scription the distance from the origin, and hence 
the spatial frequency information derived from 
signal samples of the magnetic resonance signal 
ec, depends exclusively on the variation of the 
phase -encoding gradients Gx and Gy as a function 

30 of time t. Therein, the vertical axis of the k- space 
usually describes the phase and the horizontal axis 
describes the frequency of the magnetic resonance 
signal. In the case of a 3D signal acquisition 
method where the high-frequency electromagnetic 

35 pulses are non - selective and another phase - en- 
coding gradient is also applied, a third axis also 
exists. Signals corresponding to low spatial fre- 
quencies, determining mainly the image intensities, 
are concentrated around the origin of the k- space. 

40 Information of high spatial frequencies (for exam - 
pie, sharp transitions of the structures imaged) are 
situated further from the origin: the encoding of 
details of the body 5 is thus improved by prolong - 
ing the duration of application of the gradients or 

45 by increasing their amplitude. Each location in the 
k- space corresponds to a combination of integrals 
over the applied gradients. Because these in- 
tegrated gradients develop in time, the location of 
the magnetic resonance signal describes a trajec - 

50 tory in the k- space. Data is obtained at selected 
points within the k- space by measurement of the 
NMR signals at difference instants and for different 
integrated gradients. The NMR signal is usually 
highest when the integral over the gradients is zero 

55 (i.e. when the magnetic resonance signal is not 
disturbed by gradients). A magnetic resonance 
image is obtained by a Fourier transformation of a 
data matrix over the k- space. When only low k- 
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profiles are measured, a low - resolution NMR im- 
age is obtained; when high k- profiles are also 
measured, a high - resolution NMR image is ob- 
tained. In accordance with the invention, during a 
period during which no time -critical processes are 
followed in the body 5, for example prior to ap- 
plication of an enhancement agent to the body 5, 
magnetic resonance signals are generated in the 
body 5 by means of a magnetic resonance imaging 
method wich may be a multiple -slice method, 
said resonance signals being used to determine 
high - resolution reference data matrices for a 
number of slices in a volume of the body. In the 
case of a multiple -slice method, the sequence 
shown in Figure 2 is repeated a number of times 
while varying the frequency of the oscillator 13 in 
order to excite different slices in the volume and 
also while varying the phase - encoding gradient Gy 
for phase - encoding of the nuclear spins. Data 
matrices of signal samples are thus mapped on the 
k- space. For example, 5 slices are mapped 
through which the dynamic process to be followed 
occurs, the resolution in the k- space being 256 
signal samples in the frequency direction of the k- 
space and 256 phase - encoding steps in the 
phase direction of the k- space. The sequence 
repetition time Tr may be, for example 10 ms so 
that an overall measuring time of more than 10 
seconds is required so as to obtain five 256 x 256 
high - resolution reference images. The reference 
images are derived from the data matrices by 
Fourier transformation. After local modification of 
the magnetic resonance properties in the body, for 
example by a physical stimulus or by administra- 
tion of a contrast agent, images of the slices will be 
formed in rapid succession in order to enable the 
dynamic process in the volume to be followed. For 
example, in order to enable the following of perfu - 
sion of a contrast agent in the brain, it is necessary 
to form a magnetic resonance image of the five 
slices every second and to repeat this a number of 
times, for example fifteen times. Thus, per image 
200 ms is available. For a sequence repetition time 
amounting to 5-10 ms, 20-40 phase - encoding 
profiles can thus be measured per image. In ac- 
cordance with the invention, use is made of a low- 
resolution method with 20-40 profiles in the 
present example, for example utilizing sequences 
as described with reference to Figure 2, to enable 
following of the dynamic process for five slices in 
the volume in the present example. Prior to or after 
a first Fourier transformation over the profiles ob - 
tained by the low - resolution method for the re- 
spective slices, the Fourier transformed data is 
substituted in the corresponding high - resolution 
matrices at the position of the central profiles, i.e. 
for k- values around zero in the k- space. After a 
further Fourier transformation over the modified 



high - resolution data matrices, NMR images are 
obtained which have a high spatial resolution and 
in which the variations of image intensities due to 
the contrast agent have been measured and re- 

5 produced with a high temporal resolution. NMR 
images suitable for diagnostic purposes are thus 
obtained. Not only perfusion in the brain, but other 
fast processes can also be followed, for example 
Gd-DTPA inflow in the kidneys, the taking up of 

10 Gd - DTRA in mammary tumors, and the effects of 
cardiac infarction. It is to be noted that a contrast 
agent such as Gd-DTPA can be administered 
only once per in vivo examination of a body be- 
cause of the long period of time required by the 

75 Gd-DTPA to leave the body. It is to be noted, 
however, that contrast agents other than Gd- 
DTPA can also be used. 

The high - resolution signals can be acquired 
not only prior to, but also subsequent to the mea- 

20 surements on the inflowing enhancement agent. In 
the latter case the increase of contrast occurring 
due to the substantially steady presence of the 
enhancement agent in the body is used in the 
high - resolution reference image. If possible, the 

25 high - resolution signals can also be acquired dur- 
ing a period after the administration of the en- 
hancement agent to the body, with no dynamic 
processes to be followed occurring during such a 
period, for example because the enhancement 

30 agent has not yet reached the part of the body to 
be examined. It is not necessary to acquire the 
high - resolution signals directly before or directly 
subsequent to the acquisition of the low - resolution 
signals. When a sufficiently accurate position de- 

35 termination can be achieved, the high - resolution 
signals can be acquired a prolonged period of time 
before or after the low - resolution signals are ac - 
quired. 

Figures 3A and 3B show the method in accor- 

40 dance with the invention in the k- space. Figure 3A 
illustrates the symmetrical filling of the k- space 
with low- resolution data after administration of the 
contrast agent around k = 0, represented by a band 
of k- values kn to -kn, where n= 10 to 20, i.e. 20 

45 to 40 k- profiles, k^ax and -k^ax denote the ex- 
treme k- values of the high resolution matrices. 
Figure 3B shows asymmetrical filling of the k- 
space with the low - resolution data with a band 
from k = k' to k = 2kn, i.e. the same number of 

50 profiles as in Figure 3A. Therein, k' may have one 
of the values k* = 0, -1, -2,... Consequently, using 
a still limited number of profiles a resolution can be 
achieved for the dynamic process which is better 
than that achieved by means of the filling of the 

55 high - resolution data matrix as shown in Figure 3A. 
It is to be noted, however, that for the filling of the 
high - resolution data matrix as shown in Figure 3B 
an estimate must be made for the profiles from 
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k = - 2kn to k = - k' - 1 so as to avoid disturbing 
image artefacts. As an estimate for the latter pro - 
files use can be made of amplitudes of data for 
k = k' to k = 2kn, supplemented by phase informa- 
tion from the high - resolution measurement or 
phase information from corresponding positive 
profiles. When the number of low - resolution pro- 
files measured is too small, too little difference in 
contrast will occur in successive images of a slice, 
which also indicates that it is advantageous to 
utilize a partial matrix process in the phase direc - 
tion of the k- space. Furthermore, partial matrix 
processes can also be used in the frequency di- 
rection of the k- space, even though corrections 
will then be required so as to obtain artef act - free 
images. 

Figure 4 shows another magnetic resonance 
imaging method in accordance with the invention, 
only sequences of high-frequency electromag- 
netic pulses being shown as a function of time t. 
The pulses Pji, Pjn and Pjm therein are inversion 
pulses which invert the magnetization of nuclear 
spins, the pulses Pi, ...Pn being an abbreviated 
notation for a number of sequences as shown in 

Figure 2, and the pulses P_k Po, Pk-i. being an 

abbreviated notation for a single sequence as 
shown in Figure 2, a symmetrical filling with low- 
resolutlon profiles of the high - resolution matrix Is 
indicated, for example for k = 19, i.e. in that case 
there are 40 low - resolution profiles. Thus, using 
an abbreviated notation, the upper line of Figure 4 
represents a multiple -slice Fourier method in 
which, after each inversion pulse Pn to Pjn, a 
number of k- profiles is measured or shifted ar- 
ound k = 0, k = 1, k=-1, etc. This sequence Is 
repeated for each slice. The bottom line shows the 
sequence for data acquisition after administration of 
the stimulus or the contrast agent. In the high- 
resolutlon sequence on the upper line the Inversion 
time Tjnv is represented and on the lower line an 
effective inversion time Tjpv.eff is represented for 
the low - resolution sequence around the k- profile 
k = 0. Sub -division of the high - resolution se- 
quence Into sub - sequences as shown on the up - 
per line of Figure 4, where the k- space is filled in 
a mosaic - like fashion, is performed to enable the 
low - resolution sequence to be executed with an 
effective inversion time which is equal to the in- 
version time of the high - resolution sequence. 
Such a choice Is made so as to enable combina- 
tion of images of comparable Ti contrast. The use 
of inversion pulses offers the advantage that 
greater differences in contrast occur between sue - 
cessive images of a slice, so that the dynamic 
process can be followed better. 

In addition to the described embodiments, 
many alternatives are feasible within the scope of 
the invention. For example, the first and the second 



acquisition method may be so-called echoplanar 
methods, the first signal acquisition method being a 
mosaic - like ultrafast echoplanar method while the 
second signal acquisition method Is a compara- 

5 tively slow high - resolution echoplanar method. 
Other fast signal acquisition methods can also be 
used, for example a so-called turbo spin echo 
sequence whose details are described in the article 
"Recent progress In fast MR imaging", J.J. van 

10 Vaals et al., Medica Mundi, Vol. 36, No. 2, 1991, pp 
152-167. Mixed signal acquisition methods can 
also be used, for example a combination of an 
echoplanar method and a multiple shot gradient 
echo method, even though in the latter case it will 

75 be more difficult to make the signals acquired by 
the various methods suitably compatible, I.e. It will 
be more difficult to achieve suitable "contrast 
matching. 

20 Claims 

1. A magnetic resonance imaging method for 
following a dynamic process In a body, In 
which method a local modification of magnetic 

25 resonance properties is Induced In the body 

for the selective variation of magnetic reso- 
nance signals to be generated in the body, 
magnetic resonance signals being acquired 
during, or during and after, the realization of 

30 the modification by way of a first signal ac- 

quisition method In order to form a series of 
magnetic resonance images of the body en- 
abling the dynamic process to be followed, 
characterized in that the first signal acquisition 

35 method is a low -resolution method, and in 

that at an appropriate instant, using a second, 
high - resolution signal acquisition method, 
magnetic resonance signals are acquired from 
the body in order to form at least one refer - 

40 ence image of the body, signal samples of the 

magnetic resonance signals acquired by 
means of the low -resolution method being 
supplemented, prior to the formation of the 
series of magnetic resonance images by signal 

45 samples of the magnetic resonance signals 

acquired by means of the high - resolution 
method. 

2. A magnetic resonance imaging method as 
50 claimed In Claim 1, characterized in that an 

enhancement agent is applied in order to 
realise the local modification of the magnetic 
resonance properties. 

55 3- A magnetic resonance Imaging method as 

claimed in Claim 1, characterized in that a 
physical stimulus is applied in order to realise 
the local modification of the magnetic reso- 



6 



11 



EP 0 543 468 A1 



12 



nance properties. 

4. A magnetic resonance imaging method as 
claimed in Claim 1, 2 or 3, characterized in 
that the magnetic resonance signals are ac- 
quired by means of the second, high -resolu- 
tion signal acquisition method after acquisition 
of the magnetic resonance signals by means 
of the first signal acquisition method. 

5. A magnetic resonance imaging method as 
claimed in Claim 1, 2, 3 or 4, characterized in 
that the reference images are images of slices 
of a volume part of the body in which the 
dynamic process takes place, the series of 
magnetic resonance images comprising a 
number of images of the slices. 

6. A magnetic resonance imaging method as 
claimed in Claim 1 , 2, 3, 4 or 5, characterized 
in that the first and the second signal acquisi - 
tion method are Fourier methods comprising a 
high-frequency excitation pulse, a phase - 
encoding gradient and a read -out gradient, 
the signal samples obtained by means of the 
high - resolution method being stored in data 
matrices, the signal samples obtained by 
means of the low - resolution method being 
substituted in the data matrices. 

7. A magnetic resonance imaging method as 
claimed in Claim 6, characterized in that the 
substitution is symmetrical. 

8. A magnetic resonance imaging method as 
claimed in Claim 6, characterized in that the 
substitution is asymmetrical. 

9. A magnetic resonance imaging method as 

claimed in Claim 1, 2, 3, 4 or 5, characterized 
in that the first and second signal acquisition 
methods are echoplanar methods. 

10. A magnetic resonance imaging method as 
claimed in Claim 1, 2, 3, 4 or 5, characterized 
in that per reference image the high - resolu - 
tion method comprises a number of gradient - 
echo sequences preceded by inversion pulses, 
signal samples thereof filling data matrices in a 
mosaic -like manner, the low -resolution 
method comprising similar sequences, signal 
samples thereof partly substituting high -res- 
olution data in the data matrices. 

11. A magnetic resonance imaging method as 

claimed in any one of the preceding Claims, 
characterized in that the dynamic process is 
perfusion of an enhancement agent in the brain 



or the heart in the body or the taking up of an 
enhancement agent in the mammary tumors in 
the body. 
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